A Concise and Versatile Total Synthesis of All Stereoisomers of Tarchonanthuslactone

(R)-methyl 3-((4-methoxybenzyl)oxy)butanoate 6
To a solution of (R)-methyl 3-hydroxybutanoate (1.44 mL, 12.86 mmol) dissolved in dichloromethane (30 mL) at 0 ºC was added a solution of 4-Methoxybenzyl 2,2,2-trichloroacetimidate 8 (4.36 g, 15.43 mmol) in dichloromethane (20 mL) and catalytic CSA (296 mg, 1.29 mmol). The mixture was then warmed up to room temperature. After stirring at rt over night, the reaction was quenched with the saturated solution of NaHCO 3 (50 mL). The resulting mixture was extracted with dichloromethane (3 × 50 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Purification by flash chromatography (Hexane/EtOAc = 10:1) offered the desired compound 6 (2.88 g, 94% yield) as a yellow oil. 9, 159.1, 130.5, 129.2, 113.7, 71.5, 70.5, 55.2, 51.5, 41.8, 19.8 (R)-3-((4-methoxybenzyl)oxy)butanal 1 To a solution of (R)-methyl 3-((4-methoxybenzyl)oxy)butanoate 6 (66 mg, 0.28 mmol) dissolved in dichloromethane (3 mL) at -78 ºC, was added DIBAL-H (1.0 M, 0.36 mL) slowly. After stirring at -78 ºC for 1 h, methanol (0.5 mL) was added slowly to quench the reaction. The resulting mixture was filtered through a plug of Celite and the filtrate was concentrated in vacuo. The residue was purified by flash chromatography (Hexane/EtOAc = 5:1) to offer the desired compound 1 (48.4 mg, 83% yield) as a yellow oil. 4, 159.1, 130.2, 129.2, 113.7, 70.1, 69.8, 55.1, 50.4, 19.7 .
(5R,7R,E)-methyl 5-hydroxy-7-((4-methoxybenzyl)oxy)oct-2-enoate 3
To a solution of Ti(Oi-Pr) 4 (6.8 mmol) in PhCH 3 was added dropwise TiCl 4 (7.5 mmol). The solution was stirred at room temperature for 10 min before being added PhCH 3 (70 mL). The solution was cooled to -78 ºC and then treated with a solution of compound 1 (2.7 g, 13 mmol) in PhCH 3 (25 mL). The resultant solution was stirred at -78 ºC for 10 min before being treated with a solution of 2 (4.0 g, 23.3 mmol) in PhCH 3 (35 mL). The resulting mixture was stirred for 30 min before being quenched with aqueous saturated NaHCO 3 (100 mL). The resulting mixture was extracted with dichloromethane (3 × 100 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Purification by flash chromatography (Hexane/EtOAc = 2:1) offered the desired compound 3 and its syn-isomer syn-3 (3.28 g, 82% overall yield, 3:syn-3 = 5:1). 8, 159.3, 145.6, 129.7, 129.4, 123.0, 113.9, 75.6, 70.6, 69.9, 55.2, 51.4, 43.1, 40.1, 19.5. General procedure of Mukaiyama Aldol Reaction promoted by different Lewis acids (BF 3 •OEt 2 , SnCl 4 and TiCl 4 ) with aldehyde 1 and silyl enol ether 2: To the solution of aldehyde 1 in dichloromethane was slowly added Lewis acid (1 eq.) at -78 ºC, the resultant solution was stirred at -78 ºC for 10 min before being treated with a solution of silyl enol ether 2 (2 eq.) in dichloromethane. The resulting mixture was kept stirring until the aldehyde 1 was completely consumed before being quenched with aqueous saturated NaHCO 3 . The resulting mixture was extracted with dichloromethane. The combined organic layer was dried over anhydrous Na 2 SO 4 , concentrated under reduced pressure and then purified by flash chromatography.
Following the above general procedure, the yields and the diastereoselectivity of Mukaiyama Aldol Reaction promoted by BF 3 •OEt 2 , SnCl 4 or TiCl 4 with aldehyde 1 and silyl enol ether 2 were: BF 3 •OEt 2 , yield: 32%, 3:syn-3=2:1; TiCl 4 , yield: 29%, 3:syn-3=2:1; SnCl 4 , yield: 8%, 3:syn-3 undetermined.
(E)-methyl 4-((2R,4R,6R)-2-(4-methoxyphenyl)-6-methyl-1,3-dioxan-4-yl)but-2-enoate 11 To a flask containing 3 (58 mg, 0.19 mmol), 4 Å molecular sieves (200 mg) and dichloromethane (4 mL) was added DDQ in one portion (51 mg, 0.23 mmol) at 0 ºC. The reaction was stirred at 0 ºC for 1 h and then quenched with a saturated solution of NaHCO 3 . The resulting mixture was extracted with dichloromethane (3 × 10 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Purification by flash chromatography (Hexane/EtOAc = 30:1) offered the desired compound 11 (48 mg, 83% yield) as a yellow oil. 
(R)-6-((R)-2-((4-methoxybenzyl)oxy)propyl)-5,6-dihydro-2H-pyran-2-one 7
To a solution of 3 (530 mg, 1.72 mmol) in THF-MeOH-H 2 O (2:1:1) (40 mL) was added LiOH (824 mg, 34.4 mmol) at room temperature and then kept the reaction stirring for 1 h. After that, the mixture was acidified with a solution of 1 M aq. HCl to pH = 5-6. Then it was extracted with dichloromethane (3 × 100 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure to afford the crude acid which was used for the next reaction without further purification. Subsequently, to the above crude acid in the solution of dichloromethane (0.5 mL) and pyridine (4.4 mL) was added 2,4,6,-trichlorobenzoyl chloride (0.3 mL, 1.9 mmol) at 0 . The resulting mixture was stirred for 1 h before being quenched with ℃ a solution of sat. NaHCO 3 (15 mL). The resulting mixture was extracted with dichloromethane (3 × 15 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 and concentrated under reduced pressure. Purification by flash chromatography (Hexane/EtOAc = 1:1) offered the desired compound 7 (414 mg, 87% yield) as a yellow oil. 
(R)-6-((R)-2-hydroxypropyl)-5,6-dihydro-2H-pyran-2-one 4
To a solution of 7 (106 mg, 0.38 mmol) in dichloromethane (7 mL) and H 2 O (0.6 mL) at 0 ℃, was added DDQ (163.5 mg, 0.77 mmol). The resulting mixture was stirred for 1 h at 0 before being ℃ quenched with the saturated solution of NaHCO 3 (20 mL). Then it was extracted with dichloromethane (3 × 20 mL). The combined organic layer was separated, dried over anhydrous Na 2 SO 4 , and concentrated in vacuo. The residue was purified by flash chromatography (Hexane/EtOAc = 1:2) to offer the desired compound 4 (47.5 mg, 80% yield) as a colorless oil.
[α] 163.8, 146.5, 145.1, 144.6, 133.5, 121.4, 121.1, 121.0, 120.8, 74.6, 67.4, 41.4, 36.2, 30.2, 29.6, 25.9, 20.6, 18.4, -4 
(+)-7-epi-tarchonanthuslactone
To a solution of compound 9 (54 mg, 0.1 mmol) in THF (2 mL) was treated with benzoic acid (35 mg, 0.28 mmol) and 1.0 M TBAF (0.22 mL, 0.22 mmol). The mixture was stirred at room temperature for 1 h before being quenched with H 2 O (10 mL). The resulting mixture was extracted with DCM (3 × 20 mL). The combined organic layer was dried over anhydrous Na 2 SO 4 , concentrated under reduced pressure, purification by flash chromatography (Hexane/AcOEt = 1:1) to offer the desired (+)-7-epi-tarchonanthuslactone as a colorless oil (28 mg, 88% yield). 165.3, 145.9, 143.8, 142.5, 132.4, 120.7, 120.1, 115.2, 74.5, 67.1, 41.1, 36.1, 30.2, 29.4, 20.4 
(S)-1-((R)-6-oxo-3,6-dihydro-2H-pyran-2-yl)propan-2-yl 3-(3,4-bis((tert-butyldimethylsilyl) oxy) phenyl)propanoate 10
To a solution of compound 4 (92 mg, 0.59 mmol), triphenylphosphine (604 mg, 2.3 mmol) and 3-(3,4-bis((tert-butyldimethylsilyl)oxy)phenyl)propanoic acid 5 (485 mg, 1.18 mmol) in anhydrous THF (6.6 mL) was added diethyl azodicarboxylate (0.36 mL, 2.3 mmol) at 0 under ℃ nitrogen. The reaction mixture was stirred at 0 for 3 h and ℃ it was then diluted with Et 2 O (10 mL). The mixture was washed with a solution of sat. NaHCO 3 (15 mL), dried over anhydrous Na 2 SO 4 , concentrated under reduced pressure. The residue was purified by flash chromatography to give 10 (200 mg, 62%) as a yellow oil. 13 C NMR (100 MHz, CDCl 3 ): δ 172. 4, 163.9, 146.5, 145.1, 144.7, 133.3, 121.3, 121.1, 121.0, 120.8, 74.8, 67.0, 40.7, 36.1, 30.1, 29.0, 25.9, 20.2, 18.3, -4 13 C NMR (100 MHz, CDCl 3 ): δ 172. 9, 165.2, 145.7, 144.0, 142.4, 132.6, 120.8, 120.3, 115.4, 75.2, 67.2, 40.8, 35.9, 30.1, 29.0, 20.4 
